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Obesity has become a threat to the health and economy of society worldwide and, if not 
contained, will be responsible for a dramatic increase in cardiorespiratory diseases and 
certain cancers. Though there is never any lack of trendy diets and slimming pill 
advertisements, many frustrated patients exhausted from individual efforts to lose weight, 
seek help from the medical professional. Which antiobesity treatments are effective? Can 
we stop the pandemic of obesity? This article gives a brief overview of the current status of 
obesity therapy and considers recent developments that may lead to new therapies.

Obesity is a condition in which excess fat has
accumulated to the extent that health is
adversely affected [1]. The definition of obesity
currently used by the World Health Organiza-
tion (WHO) is based on the measurement of a
person’s body mass index (BMI). This is calcu-
lated by dividing the weight in kilograms by the
square of the height in meters (kg/m2). A BMI
of greater than 30 kg/m2 is classified as obesity
and a range between 25 to 30 kg/m2 as over-
weight. BMI correlates well with adiposity and
mortality from obesity-related diseases. The
degree to which adiposity affects health tends to
differ between ethnic groups. Asian and
Afro–Caribbean populations living in the UK
are particularly affected by obesity and its conse-
quences, such as diabetes. The International
Obesity Task Force (IOTF) have developed
revised guidelines for the range of BMI that may
pose a health risk that takes into account the
ethnic origin of the patient (Table 1). Visceral or
abdominal fat is more harmful to health than
subcutaneous fat and this has led to a recent
trend for using waist circumference as well as
BMI in epidemiologic studies (Table 2). 

Incidence
The incidence of obesity has risen markedly
worldwide in the last two decades and tripled in
the UK [2]. More than half of the adult popula-
tion of England and Wales are overweight or
obese [101]. To have a high BMI may soon be the
norm in much of Western Europe and the USA.
Even in many developing countries, overweight
and obesity is increasingly replacing the more
traditional causes of ill health such as under-
nourishment and infectious diseases [1]. Within
the UK population, groups characterized by low
levels of education, income or social class have a

higher prevalence of obesity. The Annual Health
Survey for England 2002 estimates the average
weight gain of the English population is about
0.35 kg/year, confirming a continuous upward
trend [3]. An increase in fat mass does not only
affect the life and the future health of adults, it
is also a growing concern among children.
Obesity manifests increasingly at a younger age
and is affecting more and more children.
According to a 2002 survey, more than 16% of
US adolescents are overweight, and this number
is rising dramatically [4]. These alarming figures
show that obesity is no longer just a problem for
the individual – it is now a problem for society
and particularily for the health professional. 

Causes of obesity
Obesity is usually caused as a result of increased
energy intake and decreased energy output.
Thus, the two major contributing factors are
eating habits, consisting of an excessive intake
of energy-dense foods and low levels of physical
activity consequent to a sedentary lifestyle.
These factors interact with specific genetic fac-
tors that predispose some individuals more than
others to obesity. The reduction in energy
expenditure is thought to be responsible for the
fact that the UK self-reported kilocalorie intake
from 1980 to 2000 has changed little while the
incidence of obesity has risen [101]. Other causa-
tive factors are behavioral, environmental and
genetic. It is important to note that single gene
defects account for no more than 5% of morbid
obesity [5]. Nevertheless, a polygenetic influ-
ence is likely and may have arisen due to the
fact that evolutionary theory proposes that the
genetic make up for modern man is designed to
save him from death by famine (the ‘thrifty
gene theory’).



REVIEW – Kos, Baker & Kumar 

956 Therapy (2005)  2(6)

Adiposity-related risks
Obesity has adverse health effects and can lead
to premature death [6]. Fat accumulation
results in hormonal changes that lead to
increased levels of fatty acids, estrogen levels
and hyperinsulinemia. These in turn cause
metabolic complications such as hypertension,
dyslipidemia and glucose intolerance, leading
to diabetes.

An exact calculation of obesity-related mor-
tality is virtually impossible since it is an indirect
cause of death. However, it is estimated that
obesity reduces life expectancy by 3 to 14 years,
primarily due to the increased risk of cardiovas-
cular disease and cancers [7]. The mortality rate
increases sharply for BMI values over
30 kg/m2 [8,9] and is positively related to the
duration of obesity. In the Framingham study
population, the risk of heart disease was found
to be increased by 15% in obese men and 22%
in obese women [10]. A total of 75% of the obese
subpopulation was hypertensive and more than
two-thirds had hypercholesterolemia. A major
component of obesity-related morbidity and
mortality is determined by the onset of diabetes
and diabetes-related macro- and microvascular
complications. At diagnosis of Type 2 diabetes
the average BMI is between 28 and
29 kg/m2 [11]. Premature cardiovascular disease
and death are well recognised risk factors of dia-
betes, independent of obesity. The mortality
rates from coronary heart disease in people with

diabetes are up to five-times higher and the risk
of stroke up to three-times higher than in the
general population [12]. The obesity-related
mortality therefore increases substantially with
concomitant diabetes and also with
hypertension [13]. In contrast, weight loss can
substantially decrease the mortality and morbid-
ity of diabetes and hypertension regardless of
the initial BMI. Obesity also leads to an
increased risk of cancer, the most common obes-
ity-associated cancers being hormone related
such as endometrial cancer, breast cancer and
prostate cancer but also colorectal cancer.

It has been estimated that between 15 and
20% of cancer deaths in the USA are associated
with obesity [14]. Obesity negatively influences
most body systems. It may cause gastrointesti-
nal problems such as gastric reflux disease and
gallstones as well as respiratory problems such
as sleep apnea and obesity hypoventilation.
Obesity can increase the risk of embolic disease
and increases the anesthetic risk and postsurgi-
cal complications. It can cause or aggravate the
polycystic ovary syndrome (PCO), which
impairs ovulation and fertility. Diagnosing or
investigating the concomitant health problems
of patients with morbid obesity is complicated
by the weight restrictions of some investiga-
tions, such as magnetic resonance imaging
(MRI) and theater tables.

Last but not least, obesity is associated with
psychologic and mental health problems, as
well as problems with sexual function. Depres-
sion is far more common in the obese. Obesity
can impact negatively on professional success
and productivity. It is often accompanied by
social stigma, further adding to the occupa-
tional disadvantage, and frequently leads to
discrimination against and social isolation of
the obese individual. According to a recent
study by Viner obese men are not at risk of loss
of income, but persistently obese women have
a risk of never being employed (odds ratio
[OR]: 1.9) and not having a current partner
(OR: 2.0) [15].

Table 1. Classification of weight based on BMI.

Classification BMI (kg/m2) 
Europeans

Classification BMI (kg/m2)
Asian

Underweight <18.5 Underweight <18.5

Normal range 18.5–24.9 Normal range 18.5–22.9

Overweight 25–29.9 Overweight Above 23

Obese Class I 30–34.9 At risk 23–24.9

Obese Class II 35–39.9 Obese Class I 25–29.9

Obese Class III More than 40.0 Obese Class II More than 30.0

BMI: Body mass index.
Adapted from International Obesity Task Force 2000 [53].

Table 2. Waist circumference cut-off points for Caucasian subjects.

 Increased risk Sunstantially increased risk 

Men >94 cm (37”) >102 cm (40”)

Women  >80 cm (31”)  >88 cm (34”)

Adapted from World Health Organization [1]. 
Waist circumference cut-offs are specific to each ethnic group. For instance, South-Asian men are at increased risk 
when waist circumference exceeds 90 cm and women when it exceeds 80 cm.
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Financial cost of obesity
The cost of obesity, including the UK National
Health Service (NHS)’s expenditure on it can
only be estimated, and this estimate will depend
strongly on how the numerous indirect associa-
tions are accounted for. Obesity contributed to
about 3.5 to 4% of the National Health Service
(NHS) budget in 1998  and this percentage is
rising [101]. Diabetes alone is estimated to
account for 5 to 10% of the total health budget,
2.2 billion in 1997 [102]. In addition, there is a
huge indirect cost to society such as the costs
arising from sick leave.

Benefit of weight loss
In hypertensive obese patients, 1 kg of weight
loss lowers the blood pressure (BP) by 1 to
2 mmHg [16]. Weight loss can prevent and delay
the onset of Type 2 diabetes [17]. Modest weight
loss of 5 to 10% over a 4-year period can more
than half the new cases of diabetes and signifi-
cantly reduce the risk of cardiovascular disease in
overweight people [7]. In a diabetic patient,
modest weight loss of 5 to 10% can improve gly-
cemia  and lipid levels as well as hypertension.
Each kg of weight loss at 12 months after diag-
nosis is associated with an increased survival of 3
to 4 months [8], which is more than can be
achieved with glucose, lipid or BP lowering
alone. However, according to the UK Prospec-
tive Diabetes Study (UKPDS) 7, an average
weight loss of 16% would be needed to normal-
ize the fasting blood sugar from an initial 6 to
8 mmol/l to less than 6 mmol/l [18]. This is a far
greater weight loss than can be achieved by most
patients in order to ‘cure’ their diabetes. The
effect of 10 kg of weight loss in a 100 kg obese
patient has a substantial survival benefit
(Table 3) [19]. The benefit of weight loss with con-
sideration of cost effectiveness is usually

expressed in Quality of Life (QoL) scores. QoL
in obese people is lower than that of a general
population in terms of physical function, general
health status and vitality and is lower in obese
women than men. QoL is inversely correlated to
the degree of obesity and improves with weight
loss, and it can normalize with substantial
weight loss [20]. 

Prevention
Prevention of overweight and obesity is easier
than treatment and should start at an early age.
Health education regarding healthy eating and
physical activity is increasingly promoted in
schools. Government-led promotion of schemes
such as ‘five a day’ (advice to eat five portions of
fruit and vegetables a day) and the promotion of
healthy school dinners are examples of more
recent public concern. Those with a BMI of over
25 kg/m2 should be targeted in particular, with
additional counseling and screening for presence
of comorbidities and signs of the metabolic syn-
drome, such as hypertension, hypercholestero-
lemia and glucose intolerance. Advice on losing
weight through lifestyle changes with a combina-
tion of dietary and physical activity, is the first
step in the treatment of the overweight and
obese. Dietary advice should center on healthy
eating and a kilocalorie deficit of 500/day, in
order to facilitate sustained weight loss of 5 to
10 % of body weight at a rate of 0.5 to
1 kg/week.

Diet
There are a plethora of dieting regimes pro-
moted either by commercial companies or med-
ical professionals. Very low-calorie diets
(VLCD) are usually commercially produced
products that are the sole source of nutrition
providing less than 800 kcal/day and marketed

Table 3. Benefits of 10 kg weight loss in a 100 kg subject.

Adiposity-related risks Benefits of weight loss

Mortality 20–25% decrease in premature mortality

Blood pressure 10 mmHg decrease in systolic pressure
20 mmHg decrease in diastolic pressure

Lipids 10% decrease in total cholesterol
15% decrease in LDL-cholesterol
8% decrease in HDL-cholesterol
30% decrease in triglycerides

Diabetes Reduces risk of developing Type 2 diabetes by 50%
30–50% decrease in elevated blood glucose
15% decrease in HbA1c

HDL: High-density lipoprotein; LDL: Low-density lipoprotein.
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as a total food substitute. Their use has been
reviewed in detail by Jebb and it is recommended
that they should only be used under dietetic and
medical supervision [21]. They have proven suc-
cess in achieving significant short-term reduc-
tion in body weight. This is not sustained in the
long-term and the use of these dietary aids are
contraindicated in the following: 
• Pregnant or breastfeeding women 
• Cardiac disease
• Cerebrovascular disease
• Hepatic or renal disease
• Hyperuricemia
• Psychiatric disturbance
• Porphyria
Protein-sparing modified fasts (PSMF) are
regimes that have a carbohydrate content of less
than 40 g/day, irrespective of energy content.
They offer no advantage to VLCD or low calo-
rie diets (LCD) over 12 months and the same
caution should be applied to PSMF as that with
VLCDs. LCDs approximate to an energy
intake of 1000 to 1600 kcal/day and low-fat
diets (LFDs) facilitate reduction in total fat
intake, which is the easiest way to reduce total
energy intake by the necessary 500 kcal/day to
reduce weight by 1.0 kg/week. Since the body
has a large store of essential fatty acids and the
absolute requirements for these nutrients are
very small, the percentage of energy from fat in
a LFD can be as low as is practicably possible.
Patients following LCD or LFD do not sustain
initial weight loss at 12 months. Low carbohy-
drate diets of 20 to 40 g carbohydrate/day, the
most popular being The Atkins Diet, are not
recommended by the British Dietetic Associa-
tion and Dieticians in Obesity Management
unless under dietetic and medical supervision,
and then only for a short period of time [103].
When they are used, initial weight losses are not
maintained at 12 months. Meal replacement
(e.g., Slimfast®, Cambridge Diet®) is another
approach used in the treatment of obesity and
the products are usually available over the
counter. There is no official definition of this
approach but meal replacements are generally
considered to be portion-controlled products
that are vitamin and mineral fortified and
replace one or two meals in the day allowing
one low kilocalorie meal using standard foods.
This type of regime will usually provide 1200
to 1600 kcal/day and the products are not
expected to be the sole source of nutrition.
Other popular diets include Weight Watchers,

Slimming World, Mediterranean, and Glyc-
emic Index. Whilst not having scientific evi-
dence of efficacy, such regimes are not of
themselves deemed to be inappropriate nutri-
tionally. Data from a systematic review of rand-
omized controlled trials of the long-term
benefits of weight-reducing diets in adults does
not support the use of anything other than
LFDs for weight reduction in obese adults [22].
It is current best practice to combine a LFD
with the Government’s guidelines on healthy
eating, ‘The Balance of Good Health’ [23], and
for motivational interviewing to be employed.
The key characteristics for successful dietary
weight control are listed in Box 1 [7].

Behavior modification
Whilst there is consensus that the basis of a well-
structured approach to treating obesity consists
of diet, physical activity and behavior modifica-
tion, reliable conclusions about behavior modifi-
cation cannot be drawn from the published
literature [20]. However, some components of
behavior modification are used with success and
they include developing social skills (saying ‘no’
to food without guilt or anxiety) and controlling
signals and behavior that leads to obesity.

Physical activity
There is no consistent evidence that an increase
in physical activity prevents weight gain but
those who exercise the most are the least likely
to be obese [24] and gain less weight as they get
older [25]. Young people who are the most sed-
entary are more likely to become obese [26].

Box 1. Key characteristics of successful 
dietary weight control. 

• Low fat foods
• Proportionally more carbohydrates
• Reduced fat cooking methods
• Smaller portion sizes
• Restricted intake of energy dense foods
• Regular meals and snacks
• Increased fruit and vegetable intake
• Increased physical activity
• SMART goals set
• Regular weighing
• Information obtained from a variety of sources 

to devise personal weight loss strategies
• Help and support from family, friends and 

health professionals

Adapted from Jebb, 2003 [7].
SMART: Specific, Measurable, Achievable, Realistic, Timed.
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However, physical activity alone is less effective
than dietary treatment [20]. Physical activity
reduces abdominal fat and prevents further
weight gain [27]. The combination of behavior
therapy, physical activity and diet is more
effective than either alone and are therefore
used together in therapeutic lifestyle change
programs. Irrespective of the weight effect of
physical activity, it does substantially decrease
the risk of Type 2 diabetes [28]. Moderate exer-
cise for 30 min at least three to five
times/week, if not daily, is currently recom-
mended. Examples of adequate physical activi-
ties are listed in Box 2. These levels of activity
are equivalent to using 150 to 200 kcal,
depending on the patient’s weight and the level
of activity, which is the approximate equivalent
of a single glass of wine.

Drug therapy
The history of antiobesity drug development
starts with several failed products that were
withdrawn consequent to their side effects.
Fenfluramine and dexfenfluramine were with-
drawn in 1997 as heart valve problems were
recorded and sudden deaths had occurred.

Phentermine, a centrally acting catecho-
laminergic drug, was licensed for periods of up
to 12 weeks alongside conservative treatments.
Its use is no longer indicated for routine man-
agement of weight loss, particularly as there are
other drugs suitable for longer term use. Also,
the weight loss with fenfluramine and phenter-
mine was only transient, and at the cost of side
effects such as insomnia, nausea, vomiting,
diarrhea, dizziness, depression and risk of
abnormal heart rate [16]. Methylcellulose, a

bulk-forming drug, was thought to increase the
feeling of satiety and help weight loss, but ran-
domized controlled trials did not confirm
weight reduction. At present there are only two
drugs whose use is recommended by the
National institute of clinical excellence (NICE)
– orlistat and sibutramine.

Orlistat became available in September
1998. It is formulated in capsules of 120 mg,
which are taken three times a day. It is an inhib-
itor of pancreatic and intestinal lipases and pre-
vents absorption of about a third of the fat that
passes straight through the bowel (in compari-
son with 5% with placebo). As a consequence
of this fat transit, it causes unwanted effects
such as fatty or oily feces (20% of patients),
fecal urgency (22%), flatus with discharge
(24%) and oily spotting of underwear (27%),
which are worse if the patients do not adhere to
a low-at diet [29]. The side effects become less
common with longer duration of drug use.
Although circulating levels of fat-soluble vita-
mins (vitamins A, D, E and K) are reduced
slightly, this is not thought to be clinically sig-
nificant and vitamin supplements are not rou-
tinely recommended. Orlistat is systemically
absorbed to a very small extent, but its use is
not recommended in pregnancy, childhood or
if  breastfeeding. It is contraindicated in malab-
sorption syndromes and cholestasis. Orlistat
improves cardiovascular risk factors by improv-
ing blood lipids, glucose metabolism and
reducing BP [30]. The Cochrane review of 11
long-term studies (minimum follow-up period
of 1 year) identified 2.7 kg (2.9%) more weight
loss compared with placebo [104]. Continuation
of treatment beyond the first 3 months is made
on the basis of response to and adverse effects
associated with treatment at that point. There-
after treatment can be continued so long as the
patient continues to show benefit and there are
no adverse effects. Currently NICE guidance
recommends stopping treatment after 1 year or
exceptionally after 2. However, in individual
cases the clinician has to make a judgement on
benefits of continued therapy, as regain of lost
weight may be particularly deleterious to those
with comorbidities.

Sibutramine was originally developed as an
antidepressant. It acts in the brain where it
inhibits reuptake of norepinephrine and serot-
onin, and to a minor extent dopamine. It alters
the appetite threshold by increasing the feeling
of satiety. It is generally well tolerated, but can
increase BP levels in some patients. BP therefore

Box 2. Examples of moderate amounts 
of physical activity. 

Common chores
• Gardening for 30–45 min
• Raking leaves for 30 min
• Washing and waxing a car for 45–60 min
• Washing windows or floors for 45–60 min
• Stair walking for 15 min

Sporting activities
• Walking 1¾ miles in 35 min (20 min/mile)
• Running 1½ miles in 15 min (10 min/mile)
• Swimming laps for 20 min
• Cycling 5 miles in 30 min
• Dancing fast (social) for 30 min

Adapted from the National Institute for Health and Clinical 
Excellence, 2000 [101].
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requires regular monitoring. Other side effects
include dry mouth, constipation, insomnia and
nausea, which were more than twice as common
in the treatment versus placebo group in the
Sibutramine Trial of Obesity Reduction and
Maintenance (STORM) study [31]. Sibutramine
is contraindicated in uncontrolled hypertension,
ischemic heart disease, arrhythmias, congestive
heart failure or stroke. Overall weight reduction
as result of a meta-analysis at 12 months is
4.12 and 3.40 kg at 18 months [32]. The
Cochrane meta-analysis of five studies deter-
mined 4.3 kg (4.6%) more weight loss with sib-
utramine than with placebo [104]. Treatment
with sibutramine also improves the lipid profile
and glucose metabolism. 

Limitations of currently recommended 
drug therapies
NICE recommends starting pharmacologic
antiobesity treatment in clinics that have
multi-disciplinary support available and using
orlistat after all other conservative treatment
modalities have failed. Both drugs are to be
started if BMI is  more than 30 kg/m2 or there
is presence of one or more comorbidities which
increase the health risk of obesity (e.g., hyper-
tension, diabetes). In this case orlistat treat-
ment can begin with a BMI of 28 kg/m2 and
sibutramine treatment with a BMI of
27 kg/m2. Evidence of benefit is lacking above
the age of 65 years for sibutramine and 75 for
orlistat. The drugs should be discontinued if
follow-up visits do not demonstrate sufficient
weight loss (so called ‘therapeutic hurdles´)
and, following current guidelines, stopped at
12 months (sibutramine) and never continued
for more than 24 months (orlistat) as evidence
and data on cost effectiveness is poor. The
dropout rate in the first 12 months of treat-
ment in clinical trials is 33% with orlistat and
43% with sibutramine [104]. For both regimens,
frequent follow-up visits are required; however,
many of these patients would attend their gen-
eral practioner (GP) or hospital doctor for
comorbid conditions. Hypertension is one of
the side effects of sibutramine, BP needs to be
monitored. Treatment must be discontinued if
BP rises by more than 10 mmHg (systolic or
diastolic) or heart rate increases by more than
10 beats/minute. In those in whom such a rise
in BP does not occur (most of those treated),
BP would reduce with weight loss. Sibu-
tramine treatment is associated with an
increase of high-density lipoproteins (HDL)

and lower triglycerides, whereas orlistat lowers
low-denisty lipoprotein (LDL)-cholestrol as
well as BP. Further long-term studies are
required for to examine whether the same
weight loss achieved with different treatments
give the same beneficial effect on cardiovascular
risk [32]. There are many patients who do not
respond or are not suited for either of these two
drugs. There is therefore a need for more drugs
to treat obesity, particularly when associated
with other cardiovascular risk factors.

There are no pharmacologically recom-
mended safe agents for children with obesity in
the UK, although in the USA orlistat is now
licensed for use in adolescents with obesity. Such
therapy should therefore only be offered by pedi-
atricians with expertise in obesity management
(of which there are few in the UK).

Agents approved for other indications 
but supporting weight loss
The UKPDS showed favourable outcomes for
metformin treatment of overweight, Type 2
diabetic patients [11]. It has since become the
first choice for diabetes management of obese
diabetic patients. Metformin decreases mortal-
ity after 10 years in obese people with Type 2
diabetes [22]. Unlike most other diabetic treat-
ments (including insulin), metformin does not
cause weight gain. It has gastrointestinal side
effects such as nausea and diarrhea, which may
explain some weight loss, and thus is poorly
tolerated at maximum doses. Approximately
5% of adults cannot tolerate metformin at all.
However, the weight deficit is not enough to
pass the drug as an antiobesity agent. While a
weight loss of 1.09 kg at 12 months was
observed, no benefit over diet was observed in
the long-term (e.g., 15 years in the
UKPDS [11]).Though metformin will never
become an antiobesity drug per se, it has a
wider indication for the use within obesity.
Aside from its glucose-lowering effect, it sig-
nificantly reduces total cholesterol
(-0.72 mmol/l over 24 months) [33]. Met-
formin is increasingly finding its place into
fertility treatment of anovulatory PCO and
ovulation induction [34], which is a condition
strongly associated with obesity.

The selective serotonin reuptake inhibitors
(SSRIs) fluoxetine and sertraline are anti-
depressants with appetite-suppressing effects.
The available evidence at 12 months of treat-
ment supports a weight loss of 0.33 kg [22].
Though this weight deficit is insufficient to
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support long-term use of this medication for
the sole indication of weight reduction, the
obese patient with depression will benefit,
especially as their natural weight history will be
to gain weight. Bupropion is an inhibitor of
norepinephrine, serotonin and dopamine (not
an SSRI). It is currently licensed as an anti-
depressant and for the treatment of smoking
cessation but not for the use of weight loss,
though it does have a considerable, but
variable, antiobesity effect [35].

The wider known antiepileptics like val-
proate, gabapentin and carbamazepin are associ-
ated with increased body weight, whereas some
antiseizure drugs support weight loss. For exam-
ple, topiramate and zonisamide were tested in
clinical trials. A considerable drawback of
topiramate is its profile of adverse events (e.g.,

cognitive dysfunction) which have not yet been
overcome by pharmacotechnology. Zonisamide
is better tolerated and shows a greater weight
reduction in a 16-week trial [36].

Surgical options
Bariatric surgery (surgery aimed at weight loss,
the term derived from the Greek words ‘baros’
meaning weight and ‘iatrikos’ the art of heal-
ing) can be of a stomach-restrictive type or
combined with a procedure resulting in mal-
absorption. The most widely practised proce-
dures are gastric banding, gastric bypass and
biliopancreatic diversion, other procedures
having been superseded.

Vertical & horizontal gastroplasties & 
intragastric balloons
The use of stapled gastroplasties, intragastric bal-
loons, and jaw wiring, have been superseded by
other procedures and are not now normally used
in the treatment of obesity.

This restrictive operation uses a silicone band to
compartmentalize the stomach into small proxi-
mal and large distal segments (Figure 1). The band
has a subcutaneous reservoir such that if weight
loss plateaus, the upper gastric segment can be
adjusted. In a study of 454 patients who under-
went laparoscopic gastric banding, the average
weight loss after 1 year was 35.5 kg and mean
excess weight loss was 72% after 3 years [37].
Another study of 300 patients reported weight loss
of at least 50% in 60% of patients after 2 years and
BMI stabilized between 30 and 31 kg/m2 [38].

Gastric bypass
Several randomized controlled trials and other
long-term follow-ups have shown that gastric
bypass (GBP) results in greater weight loss than
other forms of gastroplasty. It is considered to be
the standard against which other surgical meth-
ods can be compared [20]. The procedure pro-
duces a combination of restricted intake of food
and malabsorption of the food. A small pouch is
created in the upper portion of the stomach and
anastomozed to the proximal jejunum, excluding
most of the stomach (Figure 2). The small bowel is
shortened by 150 to 300 cm depending on the
BMI of the patient. A prolonged feeling of full-
ness and modest malabsorption is produced.
There are fewer complications than with more
radical procedures such as jejunoileal bypass.
However, there is a risk of iron, calcium and vita-
min B12 depletion. Dietetic input, both pre- and
postoperatively, is crucial as considerable changes

Figure 1. Laparoscopic gastric lapband.

Figure 2. Roux-en-Y gastric bypass.

Inflation
port

Gastric
pouch

Therapy

Stapled, sealed 
off stomach

Alimentary
limb
(75-175cm)

Biliopancreatic, 
digestive juice 
limb (75-175cm)

Therapy



REVIEW – Kos, Baker & Kumar 

962 Therapy (2005)  2(6)

in diet and monitoring of nutritional status are
required. Gastric bypass results in weight loss of
approximately 33% 2 years postoperatively [39].

Bileopancreatic diversion & duodenal switch
The bileopancreatic diversion is a restrictive and
malabsorptive procedure that does not have a
‘blind’ intestinal limb where bacterial over-
growth can occur. The duodenal switch was
developed from the bileopancreatic diversion
and divides the duodenum in the distal bulb and
the ileum proximal to the ileocacal valve, with
anastomosis of the proximal duodenal segment
to the distal ileal segment (Figure 3). It is hoped
that this will prevent the protein malnutrition,
calcium deficiency and fat-soluble deficiencies
associated with the bileopancreatic diversion.

Limitations & benefits of
surgical treatment
Surgery is considered the last resort and is only
available for the morbidly obese (BMI
>40 kg/m2, or 35–40 kg/m2 with existing
comorbidities). It is offered only to individuals
above the age of 18 years, who are fit for
anesthesia and surgery, after all other treatments
have failed. Nevertheless, it is the most success-
ful method with the most weight loss after
10 years of intervention. Surgery is very effec-
tive in improving insulin sensitivity with bypass
procedures giving more improvement than
restrictive procedures. Bypass procedures pro-
duce a more rapid resolution of diabetes [40],
which could be at least partially related to a
favorable change of gut hormones that regulate
insulin secretion and appetite.

The Swedish Obese Subjects (SOS)-trial, a
nonrandomized trial comparing surgery versus
nonsurgical controls, shows a 35 kg weight loss
with surgical treatment versus no weight loss at
2 years. Those with a BMI of more than
40 kg/m2 reduced their plasma insulin by 60%,
their fasting plasma glucose and triglycerides by
25% and BP by 10% [41].

Surgical mortality is estimated at 1% and
complications at 2 to 10%. However, one should
be aware of the potential risk of death with sur-
gery, though only small, and other considerable
side effects which vary depending on the type of
surgery. Laparoscopically performed gastric
banding may prove to be the safest procedure,
with one of the best success rates, but further
research and cost analysis are required.

Treatment costs
In health economy analyses, obesity needs to be
viewed within the context of obesity-related dis-
ease. Calculations of obesity-related costs are
only estimates, especially as the available long-
term data on health outcomes for obesity inter-
vention and treatments have, in general, only
evaluated 2-year follow-up studies (5 years for
surgical interventions). Orlistat costs
GBP£0.49/capsule and is estimated to cost
GBP£537/year if taken at the recommended
dose of three capsules a day. Sibutramine costs
GBP£35 to 39 for 28 days depending on the
dose used, which equals GBP£456 to 510/year.
The cost of staff (e.g., practice nurses, dieti-
cians) for consultation and referral to pharma-
cologic  and behavior therapy must be added to
these totals. These include primary as well as
secondary care and tertiary level, due to the

Figure 3. Bileopancreatic diversion and duodenal switch.
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‘knock on’ effect on all healthcare services. As a
measure of cost effectiveness, economic evalua-
tions of weight therapy are based on the cost per
quality-adjusted life year (QALY). Lifestyle
interventions have the poorest performance
with this measure, unless they are targeted at
high-risk patients [32]. The QALY for drug and
surgical treatments targeting high-risk patients
is no more than GBP£13,000. Surgery, which is
targeted at morbidly obese and glucose-intoler-
ant subjects, is shown to be most cost effective,
with a QALY of GBP£2329/additional life year.

New developments & hopes
The recent discovery of many orexigenic
(appetite-stimulating) and anorexigenic (appe-
tite-reducing) hormones, and a better under-
standing of central hypothalamic appetite
regulation (Figure 4), has opened the door to new
drug development. Several pharmacologic thera-
pies are currently in clinical trials and some of
them are likely to be on the market soon.

Investigations into the molecular basis of
effects of endogenous cannabinoids, suggest
they may be promising agents for the treatment
of obesity. Selective antagonism of the cannabi-
noid Type 1 receptor (CB1) reduces the moti-
vation to eat. The weight-loss effect is mediated
by a central action on the hypothalamic appe-
tite regulating centers and peripheral fat mass
regulating mechanisms. The cannabinoid
receptor antagonist compound (rimonabant) is

currently in Phase III clinical trials in Europe
and North America [42]. Adverse events may
include mood disturbance and some gastro-
intestinal problems at highest doses but
rimonabant is generally well tolerated with a
favorable effect on the lipid profile. There are
currently no data on long-term treatment.
Rimonabant is also an effective facilitator of
smoking cessation [43].

Leptin (Greek: “thin”) is a hormone secreted
from adipose tissue. It was discovered in 1994
and is the ‘big hope’ for antiobesity therapy.
Serum leptin levels are directly correlated with
the amount of fat mass. Recombinant leptin can
be administered by subcutaneous injection and
leads to a dose-dependent reduction of body
weight. Unfortunately, the weight-reducing
effect of leptin is largely limited to rare genetic
types of congenital leptin deficiency [44]. A
resistance to the central actions of leptin,
particularly at the blood–brain barrier, is postu-
lated in obesity [45]. Consequently, further leptin
administration has little effect in the obese and
leptin-resistant state. In order to overcome this
resistance, leptin analogs, which cross more eas-
ily into the cerebrospinal fluid, have been devel-
oped. Initial clinical trials report promising
results, with a weight loss of 5 kg in the first
6 months.

Polypeptide Y (PYY) is a gut hormone, which
reduces appetite through central action at the
level of the hypothalamus and also delays gastric
emptying. Its levels are reduced in human obes-
ity. The exact mechanism for this decline is not
known. PYY increases after gastric bypass sur-
gery, which may contribute to the decreased
appetite observed after this type of surgery [46].
Intravenous administration of PYY to human
obese subjects reduces appetite by 30% and
reduces weight gain. Unlike leptin, there is no
resistance to its action [47]. Further exploration
into its potential as obesity medication, and the
effect of long-term administration, is needed. 

Glucagon-like peptide-1 (GLP-1) is a gut hor-
mone that releases insulin from the pancreas after
the ingestion of nutrients. Such insulin-releasing
hormones are called incretins. For this reason,
GLP-1 analogs are promising agents for the con-
trol of blood sugar in Type 2 diabetes. They may
also have a role in obesity therapy as they cause
satiety signaling in the hypothalamus and a delay
of stomach emptying. GLP-1 secretion decreases
in obese patients but weight loss normalizes its
levels. Intravenous administration of GLP-1
reduces food intake in lean and obese subjects by

Figure 4. Neuroendocrine appetite suppressants.
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12% [48]. This suggests GLP-1 analogs (e.g., exa-
natide and liraglutide) have the potential to
become successful obesity treatments. However,
there is a potential danger of hypoglycemia with
GLP-1 administration in nondiabetic subjects [49]

and, therefore, its use may need to be reserved for
only obese patients with diabetes.

GLP-1 and PYY are inactivated by the enzyme
dipeptidyl peptidase (DPP)-IV. DPP-IV inhibi-
tors increase the levels of active GLP-1 and PYY.
Their antiobesity and antidiabetic effects are
being assessed separately.

The importance of the melanocortin (MC)
system in obesity has been confirmed by the

Figure 5. Algorithm of obesity treatment.
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BMI: Body mass index.
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recent discovery of mutations in the MC4
receptor in morbidly obese patients. Intranasal
administration of a fragment of MC decreases
body fat in humans [50]. Its weight-reducing
potency in obese individuals needs to be
specified, and research into the MC pathways
is ongoing.

The growth hormone (GH)–insulin-like
growth factor (IGF) axis is disturbed in obesity,
which is a state of low circulating GH and low-
normal to normal-free IGF 1 concentrations.
Obese individuals have an increased sensitivity
to recombinant GH [51], and GH treatment
leads to a reduction in fat mass and increased
lean body mass. A clinical trial using recom-
binant human GH treatment versus placebo
for obesity management, shows a modest
weight loss of 2 kg in 6 months with a high
dropout rate [52]. Though these results show an
only modest effect on weight loss, the GH axis
and its modulation remain possible targets for
obesity management. Drugs such as the
advanced obesity drug (AOD) 9604 are in
development. They mimic metabolic proper-
ties of human GH and enhance lipolysis,
whilst avoiding systemic effects.

Expert commentary & outlook
Obesity is a chronic, progressive and relapsing
disease and its management is a challenge. The
consequences of the worldwide obesity epidemic
are a serious threat to the QoL and health of
individuals, and eventually to the economy of
industrialized and developing countries. Obesity
is acquired through a chronic state of positive-
energy balance. Weight loss and weight mainte-
nance by lifestyle changes (diet and physical
activity) require continuous motivation and sup-
port. However, patient compliance is inconsist-
ent even if support is available. The effects of the
available pharmacologic aids to weight loss are
insufficient and transient. Bariatric surgery is
currently the most effective measure, but it is not
a general solution to the problem, only a treat-
ment for morbid obesity (in which many obes-
ity-associated health problems are already
manifest) and in the UK, it is only available in
limited number of centers. An algorithm of
today’s obesity treatment is shown in Figure 5.

There is an urgent need to continue develop-
ment of new more effective agents that are well
tolerated and suitable for widespread use. The
diabetes epidemic which will inevitably follow the
current obesity epidemic demands that action be
taken, and that there is an increase in research to
find a solution appropriate to the current environ-
mental pressures that drives weight gain. Recent
discoveries and increased knowledge into the reg-
ulation of energy homeostasis are encouraging
and there is increasing optimism in the field. 

Information resources

• British Dietetic Association.
www.bda.uk.com/Down-
loads/Dietitians_Publ_Control.pdf
(Accessed October 2005)

• DOM (UK) Position statements.
www.domuk.org
(Accessed October 2005)

Highlights

• Obesity is a chronic, progressive and relapsing 
disease.

• Modest weight loss of approximately 10% 
brings significant health benefits.

• Lifestyle modification should be offered to all 
patients with obesity first, preferably delivered 
by a multidisciplinary team.

• Drug therapy may be appropriate in those 
unable to achieve weight loss with lifestyle 
changes alone.

• Surgery should be considered in those who are 
unsucessful with all medical approaches to 
obesity management, especially when there 
are significant comorbidities.

Bibliography
1. World Health Organisation. Obesity: 

preventing and managing the global epidemic. 
Report of a WHO consultation. WHO, 
Geneva, Switzerland. (1998).

2. UK National Audit Office. Notice tackling 
obesity in England. National Audit Office 
press, London, UK (2001).

3. Department of Health. Health Survey for 
England 2002 London, UK 
(2003).

4. Ogden CL, Flegal KM, Carroll MD, Johnson 
CL. Prevalence and trends in overweight among 
US children and adolescents, 1999–2000. 
JAMA 288(14), 1728–1732 (2002).

5. Yeo GSH, Sadaf Farooqi I, Aminian S et al. 
A frameshift mutation in MC4R associated 
with dominantly inherited human obesity. 
Nat. Genet. 20, 111–112 (1998).

6. Calle EE, Thun MJ, Petrelli JM et al. 
Body mass index and mortality in a 
prospective cohort of US adults. N. Engl. 
J. Med. 341(15), 1097–1105 (1999).

7. Jebb SA, Steer, T.  Tackling the weight of the 
nation. MRC, Cambridge, England (2003).

8. Williamson DF, Pamuk E, Thun M, 
Flanders D, Byers T, Heath C. Prospective 
of intentional weight loss and mortality in 
never smoking overweight US white 
women aged 40–64 years. Am. J. 
Epidemiol. 141, 1128–1141 (1995).

9. Allison DB, Fontaine KR, Manson JE, 
Stevens J, VanItallie TB. Annual deaths 
attributed to obesity in the United States. 
JAMA 282, 1530–1538 (1999).



REVIEW – Kos, Baker & Kumar 

966 Therapy (2005)  2(6)

10. Anderson KM, Odell PM, Wilson PWF.  
Cardiovascular disease risk profiles. Am. 
Heart J. 121, 293–298 (1991).

11. UK Prospective Diabetes Study Group. 
Effect of intensive blood glucose control 
with metformin on complications in 
overweight patients with Type 2 diabetes 
(UKPDS 34). Lancet 352, 854–865 
(1998).

12. Department of Health. National service 
framework for diabetes: Delivery Strategy. 
London, UK (2003).

13. Livingston EH, Ko CY. Effect of diabetes 
and hypertension on obesity-related 
mortality. Surgery 137(1), 16–25 
(2005).

14. Calle EE, Rodriguez C, Walker-Thurmond 
K, Thun MJ. Overweight, obesity, and 
mortality from cancer in a prospectively 
studied cohort of US adults. N. Engl. J. 
Med. 348(17), 1625–1638 (2003).

15. Viner RM, Cole TJ. Adult socioeconomic, 
educational, social, and psychological 
outcomes of childhood obesity: a national 
birth cohort study. Br. Med. J. 330(7504), 
1354–1359 (2005).

16. Goldstein DJ. Beneficial health effects of 
modest weight loss. Int. J. Obes. 16, 
397–415 (1992).

17. Tuomilehto J, Lindstrom J, Eriksson JG et 
al. Finnish diabetes prevention study group 
prevention of Type 2 diabetes mellitus by 
changes in lifestyle among subjects with 
impaired glucose tolerance. N. Engl. J. Med. 
344(18), 1343–1350 (2001).

18. UK Prospective Diabetes Study Group. 
Response of fasting plasma glucose to diet 
therapy in newly presenting Type 2 diabetic 
patients (UKPDS 7). Metabolism 39, 
905–912 (1990).

19. Jung R. Obesity as a Disease. Br. Med. Bull. 
53, 307–322 (1997).

20. Ostman J, Britton M, Jonsson E. Treating 
and preventing obesity. Wiley-VCH, 
Weihiem, Sweden (2003).

21. Jebb SA, Goldberg GR. The use of very low 
energy diets and meal replacements in the 
treatment of obesity. J. Hum. Nutr. Dietet. 
11, 219–225 (1998).

22. Avenell A, Brown TJ, McGee MA et al.  
What are the long-term benefits if weight 
reducing diet in adults? A systematic review 
of randomised controlled trials. J. Hun. 
Nutr. Dietet.17, 317–335 (2004).

23. Health Education Authority.  The balance 
of good health. Introducing the national 
food guide. London HEA, London, UK 
(1994).

24. DiPietro L. Physical activity, body weight, 
and adiposity: an epidemiologic perspective. 
Exerc. Sport Sci. Rev. 23, 275–303 (1995).

25. Coakley EH, Rimm EB, Colditz G, 
Kawachi I, Willett W. Predictors of weight 
change in men: results from the health 
professionals follow-up study. Int. J. Ob. 22, 
89–96 (1998).

26. Crespo CJ et al.  Television watching, energy 
intake and obesity in US schoolchildren: 
results from the third national health and 
nutrition examination survey 1988–1994. 
Arch. Paediatr. Adolesc. Med. 155, 360–365 
(2001).

27. Ross R, Dagnone D, Jones PJ et al. 
Reduction in obesity and related comorbid 
conditions after diet-induced weight loss or 
exercise-induced weight loss in men. A 
randomized, controlled trial. Ann. Intern. 
Med. 133(2), 92–103 (2000).

28. Hu FB, Sigal RJ, Rich-Edwards JW et al. 
Walking compared with vigorous physical 
activity and risk of Type 2 diabetes in 
women: a prospective study. JAMA 282(15), 
1433–1439 (1999).

29. Roche Products UK. Xenical. Summary of 
Product Characteristics (1998).

30. Rossner S, Sjostrom L, Noack R, Meinders 
AE, Noseda G. European Orlistat Obesity 
Study Group. Weight loss, weight 
maintenance and improved cardiovascular risk 
factors after 2 years’ treatment with orlistat for 
obesity.  Obes. Res. 8(1), 49–61 (2000).

31. James WPT, Astrup A, Finer N et al.  Effect 
of Sibutramine on weight maintenance after 
weight loss: a randomised trial. Lancet 357, 
1287–1288 (2000).

32. Avenell A, Broom J, Brown TJ et al. Systematic 
review of the long-term effects and economic 
consequences of treatments for obesity and 
implications for health improvement. Health 
Technol. Assess. 8, 21 (2004).

33. Teupe B. Prospective randomized two-years 
clinical study comparing additional metformin 
treatment with reducing diet in type 2 
diabetes. Diabete. Metab. 17, 213–217 
(1991).

34. Morin-Papunen LC, Vauhkonen I, 
Koivunen RM et al.  Endocrine and 
metabolic effects of metformin versus 
ethinyl estradiol-cyproterone acetate in 
obese women with polycystic ovary 
syndrome: a randomized study. J. Clin. 
Endocrinol. Metab. 85(9), 3161–3168 
(2000).

35. Bays HF. Current and investigational anti-
obesity agents and obesity therapeutic 
treatment targets. Obes. Res. 12(8), 
1197–1211 (2004).

36. Gadde KM, Franciscy DM, Wagner HR 
2nd, Krishnan KR.  Zonisamide for weight 
loss in obese adults: a randomized controlled 
trial. JAMA 289(14), 1820–1825 
(2003).

37. Mittermair RP, Weiss H, Nehoda H, 
Kirchmayr W, Aigner F. Laparoscopic 
Swedish adjustable gastric banding: 6-year 
follow-up and comparison to other 
laparoscopic bariatric procedures. Obes. 
Surg. 13(3), 412–417 (2003).

38. Suter M, Giusti V, Heraief E, Zysset F, 
Calmes JM. Laparoscopic gastric banding. 
Surg. Endosc. 17(9), 1418–1425 
(2003).

39. Everson G et al. How effective is gastric 
bypass for weight looses? J. Fam. Pract. 
53(11), 914–918 (2004).

40. Pinkney J, Kerrigan D. Current status of 
bariatric Surgery in the treatment of 
Type 2 diabetes. Obes. Rev. 5(1), 69–78 
(2004).

41. Sjostrom L, Narbro K and Sjostrum D. 
Costs and benefits when treating obesity. 
Int. J. Obes. 19(Suppl. 6), S9–S12 
(1995).

42. Cota D, Marsicano G, Tschop M et al.    
The endogenous cannabinoid system affects 
energy balance via central orexigenic drive 
and peripheral lipogenesis. J. Clin. Invest. 
112(3), 423–431 (2003).

43. Cohen C, Perrault G, Griebel G, Soubrie P.  
Nicotine-associated cues maintain nicotine-
seeking behavior in rats several weeks after 
nicotine withdrawal: reversal by the 
cannabinoid (CB1) receptor antagonist, 
rimonabant (SR141716). 
Neuropsychopharmacology 30(1), 145–155 
(2005). 

44. Farooqi IS, Jebb SA, Langmack G, et al. 
Effects of recombinant leptin therapy in a 
child with congenital leptin deficiency. N. 
Engl. J. Med. 341(12), 879–884 
(1999).

45. Banks WA, Farrell CL.  Impaired 
transport of leptin across the blood-brain 
barrier in obesity is acquired and 
reversible. Am. J. Physiol. Endocrinol. 
Metab. 285(1), E10–E5 (2003).

46. Naslund E, Gryback P, Hellstrom PM et al. 
Gastrointestinal hormones and gastric 
emptying 20 years after jejunoileal bypass 
for massive obesity. Int. J. Obes. Relat. 
Metab. Disord. 21(5), 387–392 
(1997).

47. Batterham RL, Cohen MA, Ellis SM et al. 
Inhibition of food intake in obese subjects 
by peptide YY3–36. N. Engl. J. Med. 
349(10), 941–8 (2003).



www.future-drugs.com 967

 Current treatment strategies for obesity – REVIEW

48. Verdich C, Flint A, Gutzwiller JP et al. A meta-
analysis of the effect of glucagon-like peptide-1 
(7–36) amide on ad libitum energy intake in 
humans. J. Clin. Endocrinol. Metab. 86(9), 
4382–4389 (2001).

49. Todd JF, Stanley SA, Roufosse CA et al.  A 
tumour that secretes glucagon-like peptide-1 
and somatostatin in a patient with reactive 
hypoglycaemia and diabetes. Lancet 
361(9353), 228–230 (2003).

50. Fehm HL, Smolnik R, Kern W et al. The 
melanocortin melanocyte-stimulating 
hormone/adrenocorticotropin(4–10) 
decreases body fat in humans. J. Clin. 
Endocrinol. Metab. 86(3), 1144–1148 
(2001).

51. Gleeson HK, Lissett CA, Shalet SM.  
Insulin-like growth factor-I response to a 
single bolus of growth hormone is increased 
in obesity. J. Clin. Endocrinol. Metab. 90(2), 
1061–1067 (2005).

52. Albert SG, Mooradian AD.  Low-dose 
recombinant human growth hormone as 
adjuvant therapy to lifestyle modifications in 
the management of obesity. Clin. 
Endocrionol. 89(2), 695–701 (2004).

53. IOTF Steering Committee. The Asia-Pacific 
perspective: Redefining obesity and its 
treatment. International Diabetes Institute, 
Melbourne, Australia (2000).

Websites
101. National Institute for Health and Clinical 

Excellence website
www.nice.org.uk/page.aspx?o=105039
(Accessed October 2005)

102. Dietitians in Obesity Management UK 
(DOM UK) website
www.domuk.org
(Accessed October 2005)

103. Long-term pharmacotherapy for obesity and 
overweight (online review)
www.mrw.interscience.wiley.com/cochrane/
clsysrev/articles/CD004094/frame.html
(Accessed October 2005)

104. The Practical Guide: Identification, 
Evaluation and Treatment of Overweight 
and Obesity in Adults
www.nhlbi.nih.gov/guidelines/obesity/pract
gde.htm
(Accessed October 2005)

Affiliations

Katarina Kos, MRCP, 
Clincal Research Fellow
Clinical Sciences Research Institute, 
University Hospital of Coventry & Warwickshire
 & Warwick Medical School
Coventry CV2 2DX, UK
Tel.: +44 247 657 4665
Fax: +44 247 657 4871
katarina.kos@warwick.ac.uk

Christine Baker, MScRD, 
Specialist Morbid Obesity Service
University Hospital of Coventry & Warwickshire
Coventry CV2 2DX, UK
Tel.: +44 247 657 4665
Fax: +44 247 657 4871
dietaryadvice@aol.com

Sudhesh Kumar, MD, FRCP, 
Professor of Medicine 
& Honorary Consultant Physician
Clinical Sciences Research Institute, 
University Hospital of Coventry & Warwickshire
 & Warwick Medical School
Coventry CV2 2DX, UK
Tel.: +44 247 657 4665
Fax: +44 247 657 4871
sudhesh.kumar@uhcw.nhs.uk




